The sera from 144 patients (27 males and 117 females) with documented gallstones were assayed for eight different biochemical quantities, in order to study the pattern of specific biochemical changes in the blood of such patients and to establish any aetiologic relationship with gallstones. These quantities included: fasting glucose, alkaline phosphatase, alanine aminotransferase, total protein, albumin, total bilirubin, fasting total cholesterol, and fasting triacylglycerol. The same analysis was performed on sera obtained from 50 (9 males and 41 females) age-and sex-matched healthy controls. The statistical analysis showed that female patients had significantly higher values for fasting plasma glucose; alkaline phosphatase, total protein and albumin; and significantly lower values for bilirubin and total cholesterol than female controls. No overall differences in the levels of alanine aminotransferase and triacylglycerol were observed between the two female groups. Male patients on the other hand showed significantly higher values for fasting glucose and alkaline phosphatase than male controls. All other quantities, however, were not significantly different between the two male groups. When chemical analysis of the gallstones was performed, no consistent relationship was observed between the level of any of the above mentioned quantities and the chemical subtype of the gallstone (for both male and female patients). These data suggest that no specific serum biochemical pattern characterizes gallstone disease, and that there is no relationship between the stone type and the serum level of the studied quantities.
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The serum biochemical quantities chosen included fasting blood glucose (to establish any link between hyperglycaemia and gallstone formation). It also included alanine aminotransferase, alkaline phosphatase, albumin, and total protein (all of which were performed as part of the liver function test package to evaluate liver function in patients with gallstones). Bilirubin and total cholesterol assays were also performed in order to link their serum concentrations to the formation of bilirubin and cholesterol gallstones respectively. Total triacylglycerol was assayed to study any association between gallstone formation and hypertriglyceridaemia.
Patients and Methods
Patients presenting with gallbladder disease, followed by operation (cholecystectomy) at Asir Central Hospital, Abha, were randomly recruited into this study over a one year period. Only those patients who were subsequently found to have gallstones at operation were included in the study. The selection criteria for the study specifically excluded any patient with a concomitant illness such as diabetes or hypertension (as established from a detailed questioning and thorough physical examination and/or relevant laboratory tests). In addition, none of the patients recruited was receiving any medication prior to hospital admission.
One hundred and fourty four Saudi Arab patients fulfilled the selection criteria and were therefore included in the study. One hundred and seventeen (77%) of them were females (female/ male = 4.3 :1). The mean overall age of patients was 43.7 years (range 17 -98 years). The mean age for females was 42.9 years (range 17 -98 years) and for males 47.2 years (range 24 -85 years). Thirty seven patients (26%) had acute histologically proven cholecystitis. Twenty patients (14%) had associated choledocholithiasis.
The control group comprised fifty apparently healthy volunteers (41 were females). They were chosen to match the patient's group for age, sex and dietary habits. The mean overall age for the group was 41.7 years (range 17 -62 years). The mean age for the females was 40.1 years (range 17 -62) and for males 43.3 years (range 19 -54). None of the individuals in this group was receiving any medication and none was known to have any significant illness in the past.
The patients and control group had similar dietary habits. Both groups consumed the traditional Saudi (Arabic) diet comprising wheat bread, rice, and meat (mainly from sheep or goat). Such a diet contained a high concentration (approximately 50% of dietary calories) of saturated animal fats. None of the patients or the controls was a vegetarian (a dietary practice unknown in this community). Nor were there any smokers in either group (a very rare habit in Southern Saudi Arabia).
Fasting blood samples were obtained after a standard 12 hour overnight fast from both the control group and from patients (in the latter case, one day before the operation). Serum was separated and biochemical assays for glucose, alkaline phosphatase, alanine aminotransferase, total protein, albumin, total bilirubin, total cholesterol and triacylglycerol were performed using a Hitachi 704 chemistry autoanalyzer (Boehringer-Mannheim GmbH, Mannheim, West Germany).
Stones were obtained at operation and were allowed to dry at room temperature for 2 weeks prior to their biochemical assay. They were first weighed then crushed using a mortar and the pulverized stone was assayed qualitatively using an Oxford Medical Systems stone analysis set (Lancer Company, Ireland). The assay for bilirubin in the stone was performed manually according to the method of Jendrassik & Grof (7) using a commercial kit purchased from Randox Laboratories (N. Ireland). The results of chemical analysis of the stones were reported qualitatively as positive or negative, depending on whether the substance was present or absent. Data was available on stones obtained from 58 patients (51 females and 7 males). Stones were classified as "cholesterol stones" if they gave a positive reaction for cholesterol (but negative reaction for bilirubin); there were five stones (4 females, 1 male) in this category. Stones which gave a positive reaction to bilirubin (but negative reaction to cholesterol) were considered as "bilirubin stones"; there were fifteen stones in this category (12 females, 3 males). Stones giving a positive reaction to both bilirubin and cholesterol were classified as "mixed stones"; there were thirty five stones in this group (32 females, 3 males). Only four stones (all in female patients) gave a negative reaction to both bilirubin and cholesterol. Sometimes stones in any of aforementioned groups gave a positive test for some other components such as calcium, ammonium, carbonate and magnesium. These components were not included in the interpretative analysis.
Statistical evaluation
Statistical analysis was performed using an SPSS/PC statistical programme loaded onto a personal computer. Since all of the analytes studied (except cholesterol) had a non-parametric distribution, the Mann-Whithey U test [8] was used in the statistical analysis of the results after calculating the median for each analyte. In the case of cholesterol, the mean and standard deviation were calculated and Student's test was used for comparison.
Results
The results of the analysis of sera obtained from patients and controls are summarized in table 1. Data was obtained separately for males and females in each group and the relevant statistical comparison was performed against the appropriate sex groups in the control. It is evident from the table that female patients with gallstones had significantly higher levels of glucose, alkaline phosphatase, total protein, and albumin. Conversely, these patients had significantly lower values for bilirubin and total cholesterol. No significant differences in the levels of alanine aminotransferase and triacylglycerol were observed. Male patients on the other hand showed a somewhat different overall pattern from those of female patients when compared with male controls. While they also showed significantly higher values for fasting glucose and alkaline phosphatase, no significant differences in the levels of the other analytes were observed. icantly higher results for fasting glucose, alkaline phosphatase, total protein and albumin. No significant differences were observed in the levels of cholesterol and triacylglycerol. Serum alanine aminotransferase levels were significantly higher in female patients with cholesterol stones, but not in other subgroups. Conversely, serum bilirubin was lower in female patients with bilirubin and mixed stones but not in other groups. Male patients on the other hand represented a very small minority in each stone group; thus, any statistical calculation regarding their significance would not be meaningful. This observation equally applies to female patients in the cholesterol subgroup, and in the subgroup of stones which showed no reaction to bilirubin or cholesterol.
Discussion
Gallstone disease is common all over the world, but unfortunately no clear cause can be recognized. Although the traditional textbook teaching describes its association with some risk factors (female, fertile, forty, fetus, fat) (2) it is by no means clear whether these represent the main causative factors.
In this study we have evaluated the hypothesis that patients with gallstones may show specific biochemical changes in their serum which may be causally related to the formation of gallstones. In addition, we have also studied the relationship between the chemical composition of gallstones and biochemical quantities in the serum in order to identify any link with gallstone formation.
Previous work (4) showed no significant correlation between gallstones and diabetes mellitus in a Danish population. Our results supported this by showing that gallstone patients (both males and females) had a median fasting blood glucose within the normal range. However this median was significantly higher (for both sexes) than that of the control group. Although a single measurement of the fasting blood glucose is not enough to confirm the diagnosis of diabetes mellitus or impaired glucose tolerance, it has been suggested that it may be used for screening and giving a crude incidence of diabetes mellitus (9) . Thus the observations from our study indicate a need for further detailed work on the pattern of glucose tolerance in patients with gallstones, given that our results showed a high (yet within normal range) fasting blood glucose in the patient group. It is conceivable that people with impaired glucose tolerance (as opposed to diabetic patients) may have a higher incidence of gallstones but this needs to be confirmed by further work. (11. 12) have supported this observation. Our data did not support these observations, since both the patient group and the control group showed no overall difference in their fasting serum triacylglycerol levels (irrespective of sex). This observation could be due to differences in the ethnic background of our group as well as in the dietary habits, which are similar in both groups and hence may influence the triacylglycerol level in both the patient and the control groups to the same extent. Also, the mean age of our patients (both male and female) was higher than that reported by Scragg et al. The same authors (10), however, observed a negative correlation between serum cholesterol concentration and the risk of stone formation. This was confirmed by our results (for females), since the mean total serum cholesterol concentration was significantly lower in the female patient group than in the control female group.
Measurement of other biochemical quantities revealed significant differences between the patient group and the control group. The serum alkaline phosphatase was significantly higher in the patient group (male and female). Serum alanine aminotransferase on the other hand was not significantly different. These observations may reflect some degree of obstruction by the stones. Serum total protein was significantly higher in female patients, probably indicating an increase in gamma globulin production resulting from the stimulation of the inflammatory response by the presence of the stone. Serum albumin behaved in a similar way. Since this group of tests reflect liver function generally, the differences in their levels between the patient group and the control group cannot be causally related to the process of gallstone formation. Instead, they could reflect the presence of some biliary obstruction known to occur with gallbladder disease. It is interesting to note that the abnormalities are mainly confined to female patients; this may simply reflect the larger proportion of female patients in the sample studied.
Chemical analysis of the stone did not correlate with serum parameters. Of particular note was the fact that patients with cholesterol stones did not show an abnormally high serum cholesterol. Similarly, patients with bilirubin stones did not show abnormally elevated serum bilirubin levels. On the contrary, both groups showed lower values for these 2 analytes than their respective controls. One plausible explanation for these observations may be the presence of an excessive amount of both cholesterol and bilirubin in the lithogenic bile (derived from serum) thus leading to lower values of these substances in serum. An alternative possibility would simply be the complete dissociation between the serum components and biliary components, so that one does not influence the other in any major way.
To the best of our knowledge this is the first study in the literature examining the relationship between the chemical composition of gallstones and changes in serum concentration of several analytes. The number of cases studied was small and obviously further studies involving larger number of patients are needed to confirm these findings.
